Dimethylzinc is extensively used in organic synthetic methods [3] . Thus, knowledge of the structures and stabilities of these molecules would assist in the choice of reactants. In the present work, the structures and vibrational spectra of complexes of dimethylzinc and dimethylcadmium with the bidentate nitrogen bases, o-phenanthroline (PHEN) -a rigid aromatic ligand, 2-2'bipyridyl (BIPY) -an aromatic and flexible ligand, and (N,N,N',N'-tetramethylethylene-1,2-diamine (TMEDA), -a non-aromatic and flexible ligand, have been studied. These complexes have been known for some years [4, 5] , but crystal and molecular structures have been reported for only CdBIPY [6] and the TMED complexes with Me 2 Zn and Me 2 Cd [7] . There is also a gas phase electron diffraction study of the latter complex [8] . The Raman and infrared vibrational spectra have been reported only for CdBIPY [6] and the infrared spectra of CdTMED in frozen films [9] . The research described here is an extension of our earlier vibrational and DFT study on the chemistry of the Me 2 Zn and Me 2 Cd molecules [10, 11] .
Experimental.
Details of the preparation, analyses and spectroscopic measurements are given in reference [12] . Density Functional calculations of the structures and vibrational spectra were performed using the Gaussian-03 Revision B-02 programs with the B3LYP hybrid functional with the standard basis set DGDZVP, which applies to both zinc and cadmium [13] .
The calculated heats of formation and reaction, at 298.15 K and 1.0 atmosphere pressure, are listed in Table 1 . The computations tend to over-estimate the vibrational wavenumber values and, therefore, a scaling factor of 0.9 was used. .
Molecular structures
The interatomic distances and angles of interest are those of the dimethyl-metal moieties and are given in Table 2 for all six compounds. The general structures are shown in Figures 1 and 2. The calculated interatomic distances are consistently longer than are the crystallographic values reported for ZnTMED and CdTMED [7] and CdBIPY [6] , but are in reasonable agreement with those calculated for ZnTMED [14] . The calculated carbon-metal distances are only slightly longer in the complexes than in the dimethyl-metal compounds but do not show particularly large differences between the different ligands. The metal-nitrogen distances do depend upon the ligand, as does the nitrogen-metal-nitrogen angle, but this is due to the change in the "bite" distance, N...N, of the chelating group. D r a f t Table 2 . Calculated interatomic distances (Å) and angles (°). In the complexes of o-phenanthroline and bipyridyl with dichlorozinc, the reported zincnitrogen bond lengths ranged from 2.050 to 2.072 Å, and the chlorine-nitrogen-chlorine angles are 114.7° [15] and 117.1° [16] , respectively. Clearly the bonding is much stronger in the dichlorozinc complexes. In a crystal structure study of CdBIPY [6] , the angle between the plane of the dimethyl-metal group and that ligand was reported to be 79°, instead of the expected 90°.
The bipyridyl and tetramethylethylene ligands are, however, non-planar so deviations from C 2 symmetry are possible. A similar result was reported for the o-phenanthroline complex with dichloro-zinc, where the angle is also 79° [15] . o-Phenanthroline, however, is planar and the molecules should have C 2v symmetry. Nevertheless, the calculated inter-plane angles for the zinc and cadmium complexes deviated by 9° and 7°, respectively. The structures of these ophenanthroline compounds were calculated with the inter-plane angles frozen at 90°. The calculated energies were slightly higher; 0.29 and 0.018 kJ mol -1 , respectively, and when the D r a f t 5 constraints were removed, the optimized structure returned to the non-symmetrical form.
Therefore, this situation is not due to crystal packing forces. Another anomaly, in the zinc complexes, the methyl groups are eclipsed but in the cadmium compounds they are staggered, again, the energy differences are very small. In dimethylzinc and dimethylcadmium the methyl groups undergo free rotation [10] .
Vibrational assignments.
The full vibrational spectra are difficult to assign completely as, for example, the spectra of TMED are dominated by motions of the methyl groups and for the BIPY and PHEN by ring breathing and bending modes, which couple with hydrogen motions. The vibrations of greatest interest are those associated with the dimethyl-metal group. The shifts in the wavenumbers of the metal-carbon asymmetric stretching mode and CH 3 rocking modes were considered to be a measure of the adduct strength [9] . Table 3 shows the experimental values for these motions [10, 12] . The shifts in wavenumbers upon adduct formation are to lower values and are greater for the asymmetric than the symmetric mode. Peaks attributable to the metal-nitrogen stretching and the carbon-metal-carbon bending modes could not be assigned from the experimental results. The usually accepted region for zincnitrogen stretching frequencies is based upon values reported for dichloro-and dibromo-zinc adducts with ethylenediamine [17] , ca. 425 cm -1 in the Raman spectrum, Using the normal coordinate values from the Gaussian computations and the animations from Gaussview, it was possible to identify those vibrations involving the metal and nitrogen atoms. The symmetric metal-nitrogen stretching mode is strongly coupled to the carbon-metal-carbon bend. As the amplitude of the metal-nitrogen stretch increases in magnitude, the C-M-N bond angle increases, and vice-versa. This is presumably the reaction pathway. The bending mode alone occurs without coupling. Similarly, the asymmetric metal-nitrogen mode corresponds to a side-ways motion of the metal atom relative to the ligand. Furthermore, a low wavenumber torsional motion of the dimethyl-metal group about the C 2 axis is the source of the deviation of the dihedral angle of the two planes from 90°. The wavenumbers of these modes of vibration, listed in Table 4 , are low and outside the range normally measured experimentally. The TMED adducts have the highest wavenumbers for all these modes and the PHEN and BIPY complexes are the same. The thermal equivalent of k B T at room temperature is 200 cm -1 and, therefore, all these motions can occupy vibrationally excited states. Table 4 . Calculated wavenumbers (cm -1 ). Unscaled. 
Conclusions
The calculated molecular structures of the adducts of dimethylzinc and -cadmium with bidentate nitrogen bases show only small increases in the metal-carbon bond lengths upon complexation and the carbon-metal-carbon bond angles decrease from being linear by ~ 30° in the case of zinc and by ~21° for cadmium. These features and the very low energies of the metalnitrogen stretching modes indicate that the ligands are not strongly bound suggesting that the complexes may indeed be particularly useful precursors to Me 2 Zn and Me 2 Cd for industrial use.
Finally, the occupation of higher energy vibrational levels accounts for the angular deviation between the dimethylmetal plane and the ligand plane in the case of the o-phenathroline complexes.
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